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$EVWUDFW
7KHVKHDUFDSDFLW\RILQVLWXFDVWMRLQWVLVFUXFLDOWRWKHRYHUDOOVWDELOLW\RISUHFDVWFRQFUHWHVWUXFWXUHV
7KHFXUUHQWGHVLJQLVEDVHGRQHPSLULFDOIRUPXODVZKLFKDFFRXQWIRUQHLWKHUWKHUHLQIRUFHPHQWOD\RXW
RI WKH MRLQW QRU WKH WKUHHGLPHQVLRQDO VWUHVV VWDWHV SUHVHQW ZLWKLQ WKH MRLQW ,Q WKLV SDSHU D VHPL
DQDO\WLFDO VXEPRGHO LV SUHVHQWHG 7KH PRGHO LV IRUPXODWHG DV DQ RSWLPLVDWLRQ SUREOHP ZLWKLQ WKH
IUDPHZRUN RI QXPHULFDO OLPLW DQDO\VLV 7KH SUHVHQWHG VXEPRGHO LV FDSDEOH RI GHVFULELQJ WKH NH\
PHFKDQLVPVZLWKLQWKHMRLQWDQGWKHPRGHOLVYHULILHGE\FRPSDULVRQWRH[LVWLQJQXPHULFDOPRGHOV
7KHVKHDUFDSDFLW\RI WKH MRLQW VXEMHFWHG WR WULD[LDO VWUHVV VWDWHV LVDQDO\VHGDQG WKH UHVXOWVDUHGLV
FXVVHG
 ,QWURGXFWLRQ
7KH ODWHUDO VWDELOLW\ RI SUHFDVW FRQFUHWH VWUXFWXUHV LV RIWHQ HQVXUHG E\ VKHDUZDOOV7KHVHZDOOV DUH
FRPSRVHGRISUHFDVWZDOOSDQHOVFRQQHFWHGE\ LQVLWXFDVW MRLQWV+RUL]RQWDO IRUFHVHJ IURPZLQG
ORDGDUHWUDQVIHUUHGDVLQSODQHIRUFHVDQGWKHVKHDUFDSDFLW\RIWKHSDQHOVDQGMRLQWVDUHFUXFLDOWRWKH
FDSDFLW\RIWKHHQWLUHVWUXFWXUH7KLVSDSHUZLOOIRFXVRQMRLQWVEHWZHHQVKHDUZDOOVDQGVODEVRUFRUQHU
MRLQWV ZKLFK ZLOO EH VXEMHFWHG WR WULD[LDO VWUHVV VWDWHV VRPHWKLQJ ZKLFK LV QRW FRQVLGHUHG E\ WKH
FXUUHQWVWDQGDUGVVHHHJ(XURSHDQ&RPPLWWHHIRU6WDQGDUGL]DWLRQ
7KHMRLQWVW\SLFDOO\FRPSULVHDFRQFUHWHFRUHUHLQIRUFHGZLWK8EDUORRSVRUVLPLODU7KHLQWHUIDFH
EHWZHHQWKHSUHFDVWZDOORUVODEDQGWKHLQVLWXFDVWMRLQWLVRIWHQNH\HG$FRQWLQXRXVUHLQIRUFHPHQW
EDU ORFNLQJEDU LV W\SLFDOO\SODFHG LQ WKHFHQWUHRI WKH MRLQW WRHQKDQFH WKH WUDQVIHURI WHQVLRQEH
WZHHQWKHSDLUVRI8EDUV)LJVKRZVWZRW\SLFDOMRLQWVQDPHO\DMRLQWFRQQHFWLQJVKHDUZDOOVDQG
VODEVOHIWDQGDFRUQHUMRLQWFRQQHFWLQJWKUHHZDOOVULJKW

)LJ ,QVLWXFDVWMRLQWVVXEMHFWHGWRWULD[LDOVWUHVV-RLQWFRQQHFWLQJVKHDUZDOOVDQGVODEVOHIW
DQGFRUQHUMRLQWFRQQHFWLQJWKUHHZDOOVULJKW
,QSUDFWLFHWKHVKHDUFDSDFLW\RIMRLQWVLVDVVHVVHGE\VLPSOHHPSLULFDOIRUPXODVZKLFKRIWHQOHDGWRD
FRQVHUYDWLYH HVWLPDWHRI WKHFDSDFLW\0RUHRYHU WKH IRUPXODVGRQRW FRQVLGHU WKH HIIHFW RI WULD[LDO
VWUHVVFRQGLWLRQV6HYHUDODXWKRUVKDYHLQYHVWLJDWHGWKHEHKDYLRXURILQVLWXFDVWMRLQWVVXEMHFWHGWRLQ
SODQHVKHDUVHHHJ)DXFKDUWDQG&RUWLQL%OMXJHU+DQVHQDQG2OHVHQ5L]NDOODHW
WK fib,QWHUQDWLRQDO3K'6\PSRVLXPLQ&LYLO(QJLQHHULQJ
 6WUXFWXUDO$QDO\VLVRI&RQFUHWH6WUXFWXUHV

DOKRZHYHUWRWKHEHVWNQRZOHGJHRIWKHDXWKRUVQRH[SHULPHQWVIHDWXULQJMRLQWVVXEMHFWHGWR
WULD[LDO VWUHVV FRQGLWLRQV KDV EHHQ SXEOLVKHG 8SSHU ERXQG VROXWLRQV EDVHG RQ DQDO\VLV RI IDLOXUH
PHFKDQLVPV -HQVHQ  1LHOVHQ DQG +RDQJ  DV ZHOO DV ORZHU ERXQG VROXWLRQV EDVHG RQ
VWUXWDQGWLHPRGHOV 1LHOVHQ DQG+RDQJ  ILE  KDYH EHHQ XVHG WR HVWDEOLVKPHFKDQLFDO
PRGHOVIRUWKHXOWLPDWHOLPLWVWDWHGHVLJQRILQVLWXFDVWMRLQWV7KHVHPRGHOVKRZHYHUGRHVQRWFRYHU
MRLQWVVXEMHFWHGWRWULD[LDOVWUHVVVWDWHV
1XPHULFDOOLPLWDQDO\VLVLVDQDOWHUQDWLYHWRVWUXWDQGWLHPRGHOV7KHPHWKRGLVEDVHGRQWKHH[
WUHPXPSULQFLSOHVRIULJLGSODVWLFDQDO\VLV'UXFNHUDQG3UDJHUFRPELQHGZLWKDGLVFUHWLVDWLRQ
NQRZQIURPILQLWHHOHPHQWDQDO\VLV$QGHUKHJJHQDQG.Q|SIHO SUHVHQWHGDJHQHUDO IRUPXOD
WLRQDQGVLQFHWKHVVHYHUDOUHVHDUFKHUVKDYHFRQWULEXWHGWRWKHPHWKRG$GHWDLOHGPRGHORINH\HG
MRLQWVLQSODQHVWUHVVZDVSUHVHQWHGE\+HUIHOWHWDO7KHPRGHOZDVYDOLGDWHGE\FRPSDULVRQ
WRH[SHULPHQWVDQG WKHDQDO\VLV UHYHDOHG WKDW WKH UHLQIRUFHPHQW OD\RXW DIIHFWV WKH VKHDUFDSDFLW\RI
NH\HGMRLQWV$VLPSOLILHGVHPLDQDO\WLFDOVXEPRGHOZDVSUHVHQWHGE\+HUIHOWHWDOEDVHGRQ
WKHILQGLQJVRIWKHGHWDLOHGPRGHO7KHPRGHOZDVEDVHGRQWKHVWULQJHUPHWKRGDQGXVHGWKHSULQFLSOH
RIVXSHUSRVLWLRQWRFRPELQHWKUHHPRGHOV7KHVXEPRGHOZDVLPSOHPHQWHGLQDQXPHULFDOOLPLWDQDO\
VLVIUDPHZRUNDVWKH\LHOGFULWHULRQRIDMRLQWHOHPHQW
7KLV SDSHUZLOO SUHVHQW D VHPLDQDO\WLFDOPRGHO IRU MRLQWV VXEMHFWHG WR WULD[LDO VWUHVV VWDWH7KH
PRGHOZLOOEHEDVHGRQWKHVDPHSULQFLSOHVDVWKHSODQHVWUHVVFRXQWHUSDUW+HUIHOWHWDODQG
WKHVFRSHRIWKHWKUHHGLPHQVLRQDOVXEPRGHOLVWREHDEOHWRPRGHOWKHEHKDYLRXURIMRLQWVVXEMHFWHG
WRWULD[LDOVWUHVVFRQGLWLRQ2QHRIWKHFRUHPHFKDQLVPVRIVXFKMRLQWLVWKHWUDQVIHURIVKHDUIURPHJ
DVODEWRWKHZDOOSDQHOVDSURFHVVZKLFKQHFHVVDULO\OHDGVWRWULD[LDOVWUHVVVWDWHVLQWKHFHQWUHRIWKH
MRLQW0RUHRYHU WKHWKUHHGLPHQVLRQDOVXEPRGHOVKRXOGDFFRXQWIRU WKHUHLQIRUFHPHQWOD\RXWZKLFK
KDVEHHQVKRZQWRDIIHFWWKHVKHDUFDSDFLW\LQSODQHVWUHVV7KH'VXEPRGHOVKRXOGRIFRXUVHEHDEOH
WR UHSOLFDWH WKH UHVXOWVREWDLQHGE\ WKHSODQHVWUHVVFRXQWHUSDUWDQG WKHPRGHOZLOOEHYDOLGDWHGE\
FRPSDULVRQH[LVWLQJQXPHULFDOPRGHOV)LQDOO\DSDUDPHWHUVWXG\RIDFRUQHUMRLQWLVFDUULHGRXWDQG
WKHUHVXOWVDUHGLVFXVVHG
 3UREOHPIRUPXODWLRQ
/RZHUERXQGOLPLWDQDO\VLVFDQEHXVHGWRREWDLQVWDWLFDOO\DGPLVVLEOHVWUHVVILHOGVLHDVWUHVVILHOG
WKDWVDWLVILHVHTXLOLEULXPDQGGRHVQRWYLRODWHWKH\LHOGFULWHULRQLQDQ\SRLQW7KHVFRSHRIWKHDQDO\
VLVLVWRPD[LPLVHWKHORDGIDFWRUߣDQGWKHJHQHUDOSUREOHPFDQZULWWHQDVIROORZV
  ߣ 
 ܪߚ ൌ ܴߣ ൅ ܴ଴ 
 ݂ሺߚ௜ሻ ൑ Ͳǡ ݅ ൌ ͳǡʹǡ ǥ ǡ݉
 
(TUHSUHVHQWVDFRQYH[RSWLPLVDWLRQSUREOHPVLQFHWKH\LHOGIXQFWLRQ݂LVFRQYH[7KHOLQHDUHTXD
WLRQVHQVXUHHTXLOLEULXPZKLOHWKHLQHTXDOLWLHVHQVXUHWKDWQRSRLQWVYLRODWHWKH\LHOGFULWHULRQܪLV
WKHJOREDOHTXLOLEULXPDQGߚLV WKH VWUHVVYHFWRU UHSUHVHQWLQJ WKH VWUHVV VWDWHV LQ݉SRLQWV7KH ORDG
DFWLQJRQWKHVWUXFWXUHLVFRPSULVHGRIDFRQVWDQWSDUWܴ଴DQGDVFDODEOHSDUWܴߣ7KHSUREOHPFDQ
EH VROYHGHIILFLHQWO\XVLQJ LQWHULRUSRLQWPHWKRGV ,Q WKLVZRUN ZLOOEHD VHPLGHILQLWHSURJUDP
6'3ZKLFK LVVROYHGXVLQJ WKHFRPPHUFLDOVROYHU026(.7KH\LHOGIXQFWLRQ LV LQ LWVHOIDVPDOO
RSWLPLVDWLRQSUREOHP)RUFRPSOH[VWUXFWXUDOFRPSRQHQWVHJLQVLWXFDVWMRLQWVLWPD\EHQHFHVVDU\
WRXVHDVRFDOOHGVXEPRGHODVWKH\LHOGFULWHULRQ
 *HQHUDOSULQFLSOHVRIWKHVXEPRGHO
7KH SXUSRVH RI WKH VXEPRGHO LV WRPRGHO LQVLWX FDVW MRLQWV VXEMHFWHG WR WULD[LDO VWUHVV VWDWHV 7KH
VXEPRGHO SUHVHQWHG LQ WKLV SDSHUZLOO EH FDSDEOH RI WUHDWLQJ MRLQWV EHWZHHQ RUWKRJRQDO SDQHOV DQG
VODEVZKLFK FRYHUV WKH YDVWPDMRULW\RI MRLQWV XVHG LQ SUHFDVW VWUXFWXUHV7KH VXEPRGHO LV EDVHG D
YDULDWLRQRIWKHVWULQJHUPRGHODQGFRQVLVWVRIVHYHUDOFRPSRQHQWV7ZRVWULQJHUPRGHOVDUHXVHGWR
WUDQVIHULQSODQHIRUFHVEHWZHHQSDQHOVRUVODEVO\LQJLQWKHVDPHSODQH$WRWDORIFRUEHOVDUHXVHG
WRWUDQVIHUVKHDUIRUFHVEHWZHHQSDQHOVDQGVODEVO\LQJLQGLIIHUHQWSODQHV)LJVKRZVDVNHWFKRID
UHSHDWLQJXQLWVHFWLRQRIDQLQVLWXFDVWMRLQWLQFOXGLQJORFDOFRRUGLQDWHV\VWHPDQGJHRPHWULFSDUDPH
WHUV
7KUHHGLPHQVLRQDOVXEPRGHOIRUPRGHOOLQJRIMRLQWVLQSUHFDVWFRQFUHWHVWUXFWXUHV

0RUWHQ$+HDUWIHOW3HWHU13RXOVHQ/LQK&+RDQJDQG-HVSHU)-HQVHQ  


)LJ 6NHWFKRIDXQLWVHFWLRQRIDQLQVLWXFDVWMRLQWVXEMHFWHGWRVKHDUVWUHVVHV
7KHSDUDPHWHUݑLVDPHDVXUHPHQWRIWKHRIIVHWEHWZHHQWKHWZR8EDUORRSVVHHQLQ)LJ,GHDOO\
WKH8EDUV VKRXOGEHSODFHG FORVHO\ WRJHWKHU KRZHYHU WKLV LVQRW DOZD\V WKHFDVH LQSUDFWLFH7KH
RYHUODS݋௭DQG݋௬ DVZHOO DV GLVWDQFH EHWZHHQ WKH8EDU SDLUVݏ DIIHFWV WKH FDSDFLW\ RI WKH MRLQW
KHDYLO\7KHZLGWKVݐ௭DQGݐ௬RQO\DIIHFWVWKHFDSDFLW\WRDPLQRUGHJUHH
7KHGLIIHUHQWFRPSRQHQWVRI WKH VXEPRGHOHDFKFRQWULEXWHV WR WKHFRPELQHGVWUHVV VWDWHV LQ WKH
MRLQW 7KH SULQFLSOH RI VXSHUSRVLWLRQ LV XVHG WR GHWHUPLQH WKH VWUHVV VWDWHV ZKLFK WKHQ LV FKHFNHG
DJDLQVWWKHDSSURSULDWH\LHOGFULWHULDVLPLODUO\WRWKHPRGHOSUHVHQWHGE\+HUIHOWHWDO
 7ZRGLPHQVLRQDOPRGHO
7KHWZRGLPHQVLRQDOFRPSRQHQWLVDVLPSOLILHGYHUVLRQRIWKHVXEPRGHOIRUSODQHMRLQWVSUHVHQWHGE\
+HUIHOWHWDOZKLFKXVHGWKUHHVPDOOHUPRGHOV)RUWKLVUHDVRQWKHHTXDWLRQVRIWKHPRGHOZLOO
QRWEHSUHVHQWHG LQWKLVSDSHU7KLVPRGHOXVHVD͵ ൈ ͵JULGRISDQHOVFRPELQHGZLWKERWKRUGLQDU\
VWULQJHUVDQGVRFDOOHGFRPSUHVVLRQVWULQJHUV7KHSDQHOVDUHQRWUHLQIRUFHGDQGFRQILQHPHQWSUHVVXUH
RQWKHERXQGDULHVRIWKHPRGHOLVDGGHGLQVWHDG

)LJ 0RGHOIRUWUDQVIHURILQSODQHIRUFHVEHWZHHQSDQHOVRUVODEVO\LQJLQWKHVDPHSODQHWKH
SRVLWLYHGLUHFWLRQRIIRUFHVDQGVWUHVVHVLVLQGLFDWHGE\WKHDUURZV
$ VHW RI VWUHVV YDULDEOHV GHVFULELQJ D SODQH VWUHVV VWDWH LV DVVRFLDWHGZLWK HDFK RI  SDQHOV ,Q WKH
ERXQGDULHVEHWZHHQWKHSDQHOVWUDFWLRQHTXLOLEULXPLVUHTXLUHGLHQRUPDOVWUHVVHVLQWKHSDQHOVDUH
WUDQVIHUUHGWRDGMDFHQWSDQHOVZKLOHVKHDUVWUHVVHVFDQEHWUDQVIHUUHGWRHLWKHUWKHDGMDFHQWSDQHOVRU
VWULQJHUV7KHVWULQJHUVKDYHDOLQHDUYDULDWLRQRIWKHQRUPDOIRUFHEHWZHHQHDFKQRGHRIWKHPRGHO
WKXVWZRVWUHVVYDULDEOHVLVVXIILFLHQWWRGHVFULEHWKHVWUHVVVWDWHRIWKHVWULQJHUV
WK fib,QWHUQDWLRQDO3K'6\PSRVLXPLQ&LYLO(QJLQHHULQJ
 6WUXFWXUDO$QDO\VLVRI&RQFUHWH6WUXFWXUHV


 &RUEHOV
7KHFRUEHOFRPSRQHQWVRIWKHVXEPRGHODUHUHVSRQVLEOHIRUWUDQVIRUPLQJVKHDUIRUFHVWRD[LDOIRUFHV
DFWLQJ LQ WKH ORQJLWXGLQDO GLUHFWLRQ RI WKH MRLQW YLD FRUEHODFWLRQ7KHPRGHO LV UDWKHU VLPSOH DQG
FRQVLVWVRIRQHWULDQJXODUSDQHORQHUHFWDQJXODUSDQHODQGWKUHHVWULQJHUV

)LJ /HIW &RUEHO FRPSRQHQW LQ WKHݖݔSODQH WKH SRVLWLYH GLUHFWLRQ RI IRUFHV DQG VWUHVVHV LV
LQGLFDWHGE\WKHDUURZV5LJKW6NHWFKRIWKHFRUEHOVDQGWUDQVIHUEORFNLQ'
)LJ  VKRZVDQ H[DPSOHRI D FRUEHO FRPSRQHQW7KH FRPSRQHQW LV ORFDWHG LQ WKHݖݔSODQHDQG LWV
SXUSRVHLVWRWUDQVIHUDVKHDUVWUHVV߬WRDQD[LDOVWUHVVߪ௫YLDWKHFRUEHODFWLRQ7KHVWULQJHUIRUFHV ଵܶ
DQG ଶܶFDQEHSRVLWLYHVLQFHWKHVWULQJHUUHSUHVHQWVWKHORRSUHLQIRUFHPHQWܸRQWKHRWKHUKDQGPXVW
EHQRQSRVLWLYHVLQFH WKHVWULQJHU LVDVRFDOOHGFRPSUHVVLRQVWULQJHU(TXLOLEULXPEHWZHHQWKH WZR
SDQHOVDQGWKHWKUHHVWULQJHUVVHHQLQ)LJDUHHQVXUHGE\WKHIROORZLQJHTXDWLRQV
 ߬ ݐ௭ െ ݋௭ʹ ݋௬ െ ܸ ൌ Ͳ
െ߬݋௭݋௬ െ ଵܶ ൌ Ͳ
െ߬ ݐ െ ݋௭ʹ ݋௬ ൅ ଵܶ െ ଶܶ ൌ Ͳ

ZKHUH WKHJHRPHWULFSDUDPHWHUVDUHVHHQ LQ)LJDQG(TXLOLEULXPRI WKHSDQHOVDQG WKHRYHUDOO
PRGHOLVHQVXUHGE\WKHIROORZLQJWKUHHHTXDWLRQV
 െ߬݈݋௬ ൅ ߪ௫݋௭݋௬ ൌ Ͳ
െߪ௭݈݋௬ ൅ ߬݋௭݋௬ ൌ Ͳ
െܸ െ ଶܶ െ ߪ௭݈݋௬ ൌ Ͳ

(DFKFRUEHOFRPSRQHQWUHTXLUHVHTXLOLEULXPHTXDWLRQVDQGYDULDEOHV)RUWKHFRUEHOFRPSRQHQWV
LQ WKHݔݕSODQH WKH JHRPHWULF SDUDPHWHUV VHHQ LQ  DQG  VKRXOG RI FRXUVH EH FKDQJHG WR WKH
DSSURSULDWHSDUDPHWHUV
7KHFRUEHOVDUHFRPELQHGXVLQJDWUDQVIHUEORFNVWKDWRQO\FDUULHVD[LDOVWUHVVLQWKHݔGLUHFWLRQ
)LJVKRZVKDOIRIWKHFRUEHOVFRUEHOVFRPELQHGZLWKWZRWUDQVIHUEORFNV

)LJ &RQFHSWRI WUDQVIHURID[LDO IRUFHV7KHWULDQJOHVUHSUHVHQWFRUEHOFRPSRQHQWVZKLOH WKH
VTXDUHVUHSUHVHQWWKHWUDQVIHUEORFNV&RUEHOVGHQRWHGݖOLHLQWKHݖݔSODQHZKLOHFRUEHOV
GHQRWHGݕOLHLQWKHݔݕSODQH
7KHDUURZVVHHQLQ)LJLQGLFDWHKRZWKHFRPSRQHQWVRIWKHPRGHODUHFRQQHFWHGHJVWUHVVHVFDQ
EHWUDQVIHUUHGIURPݖଶି YLDݐିWRݕଵି RUݕଶି 7KHWUDQVIHUEORFNGHQRWHGݐାloopsDURXQGDVVHHQLQ)LJ
7KUHHGLPHQVLRQDOVXEPRGHOIRUPRGHOOLQJRIMRLQWVLQSUHFDVWFRQFUHWHVWUXFWXUHV

0RUWHQ$+HDUWIHOW3HWHU13RXOVHQ/LQK&+RDQJDQG-HVSHU)-HQVHQ  

(DFKVHWRIDUURZVVHHQLQWKHILJXUHUHSUHVHQWDQHTXLOLEULXPHTXDWLRQWKXVRQO\WZRHTXDWLRQV
DUHQHHGHGWRHQVXUHHTXLOLEULXPRIWKHD[LDOIRUFHV
 <LHOGFULWHULRQ
7RHQVXUHDVWDWLFDOO\DGPLVVLEOHVWUHVVILHOGIRUWKHVXEPRGHOLWLVQHFHVVDU\WRLPSRVHDQDSSURSULDWH
\LHOGFULWHULRQZKHUHLWLVUHOHYDQW7KHPDQ\VWUHVVVWDWHVRIWKHPDQ\FRPSRQHQWVRIWKHPRGHODUH
FRPELQHGXVLQJ WKHSULQFLSOHRI VXSHUSRVLWLRQ7KHFRUHRI WKH MRLQW LH WKHPLGGOH URZRI WKH'
PRGHOVDQGWKHWULDQJXODUSDQHOVRIWKHFRUEHOVZLOOEHVXEMHFWHGWRWULD[LDOVWUHVVFRQGLWLRQDQGWKH
PRGLILHG0RKU&RXORPE\LHOGFULWHULRQLVXVHGIRUWKLVSDUWRIWKHPRGHO
 ߪଵ ൑ ௧݂
݇ߪଵ െߪଷ ൑ ௖݂ 
(TVKRZVWKHJHQHUDOIRUPRIWKHPRGLILHG0RKU&RXORPE\LHOGFULWHULRQߪଵDQGߪଷDUHWKHODUJHVW
DQGVPDOOHVWSULQFLSDOVWUHVVHVUHVSHFWLYHO\ ௧݂LVWKHXQLD[LDOWHQVLOHVWUHQJWKRIWKHFRQFUHWH ௖݂LVWKH
XQLD[LDOFRPSUHVVLYHVWUHQJWKDQG݇LVDIULFWLRQSDUDPHWHUFKRVHQDVFRUUHVSRQGLQJWRDQDQJOHRI
LQWHUQDOIULFWLRQRIDSSUR[LPDWHO\͵͹ל
7KHERWWRPDQGWRSURZRIWKH'PRGHOVVHH)LJDVZHOODVWKHVTXDUHSDQHORIWKHFRUEHO
FRPSRQHQWVVHH)LJ OHIWH[SHULHQFHD WZRGLPHQVLRQDOVWUHVVVWDWHDQGSODQHVWUHVV LVDVVXPHG
7KHFRPELQHGVWUHVVVWDWHVDUHFKHFNHGDJDLQVWWKHPRGLILHG0RKU&RXORPE\LHOGFULWHULRQIRUSODQH
VWUHVVZKLFKLVJLYHQDV
 ߪଵ ൑ ௧݂
݇ߪଵ െߪଶ ൑ ௖݂
െߪଶ ൑ ௖݂
 
ZKHUHߪଵDQGߪଶDUH WKH ODUJHVWDQGVPDOOHVWSULQFLSDOVWUHVV UHVSHFWLYHO\7KHSULQFLSDOVWUHVVHVDUH
WKHHLJHQYDOXHVRIWKHVWUHVVWHQVRUDQGFDQEHUHSUHVHQWHGDVDVHPLGHILQLWHFRQH.UDEEHQK¡IW
/\DPLQDQG6ORDQ%LVERVDQG3DUGDORVZKLFKLPSRVHVFRQVWUDLQWVRQWKHHLJHQYDOXHV
RI D V\PPHWULFPDWUL[  FDQ EH LPSOHPHQWHG DV D TXDGUDWLF FRQH VHH HJ%LVERV DQG3DUGDORV
0DNURGLPRSRXORVDQG0DUWLQ
7KHVWULQJHUIRUFHLQWKH8EDUORRSVPXVWEHEHORZWKHWHQVLOHVWUHQJWKRIWKHEDUZKLFKFDQEH
UHSUHVHQWHGDVDOLQHDULQHTXDOLW\
 ܶ ൑ ܣ௦ ௒݂ 
ZKHUHܣ௦LVWKHUHLQIRUFHPHQWDUHDRIRQH8EDUORRSDQG ௒݂LVWKHWHQVLOHVWUHQJWK)RUWKHFRPSUHV
VLRQVWULQJHUVWKHIRUFHLVUHTXLUHGWREHQRQSRVLWLYH
 ܸ ൑ Ͳ 
 $QDO\VLVDQGGLVFXVVLRQ
,QWKHIROORZLQJVHFWLRQDVLQJOHVXEPRGHOZLOOEHDQDO\VHG7KHUHVXOWVIRUWKHWZRGLPHQVLRQDOFDVH
ZLOOEHFRPSDUHGWRDQXPHULFDOPRGHO+HUIHOWHWDOZKLFKKDVEHHQYHULILHGE\FRPSDULVRQ
WRH[SHULPHQWDOUHVXOWV)RUWKHWKUHHGLPHQVLRQDOFDVH WKHVXEPRGHOZLOOEHVXEMHFWWRDSDUDPHWHU
VWXG\7KHNH\UHVXOWRI WKH VXEPRGHO LV WKH VKHDUFDSDFLW\ HLWKHU߬Ȁ ௖݂RU߬ZKHUH߬LV WKHDYHUDJH
VKHDUVWUHVVDFWLQJRQWKHMRLQW7KHVKHDUFDSDFLW\LVDIIHFWHGE\WKHDPRXQWRIUHLQIRUFHPHQWLQWKH
MRLQWZKLFKLVGHVFULEHGWKHPHFKDQLFDOUHLQIRUFHPHQWGHJUHHȰGHILQHGDV
 Ȱ ൌ ܣ௦ ௒݂ݏݐ ௖݂ 
7KHIROORZLQJSDUDPHWHUVZLOOEHXVHGIRUWKHFRPSDULVRQ
 ୡ ൌ ͵Ͳǡ ௧݂ ൌ Ͳǡ ݐ௭ ൌ ݐ௬ ൌ ͷͲǡ ݋௭ ൌ ݋௬ ൌ ͶͲǡ  ൌ ʹͲͲ 
7KH SDUDPHWHUV DUH VLPLODU WR WKH JHRPHWU\ RIPRGHUQ NH\HG MRLQWV DQG WKH JHRPHWU\ XVHG IRU WKH
H[SHULPHQWVE\+DQVHQDQG2OHVHQ)LJVKRZVWKHQRUPDOLVHGVKHDUFDSDFLW\IRUݑYDU\LQJ
EHWZHHQDQGݏIRUWZRGLIIHUHQWPHFKDQLFDOUHLQIRUFHPHQWGHJUHHV

)LJOHIWVKRZVWKDWWKHSURSRVHGVXEPRGHOSUHGLFWVPRUHRUOHVVWKHVDPHFDSDFLW\DVWKHRULJLQDO
WZRGLPHQVLRQDOVXEPRGHO+HUIHOWHWDO)RUݑ ؆ ݏȀʹWKHSURSRVHGPRGHOSUHGLFWVDVOLJKWO\
WK fib,QWHUQDWLRQDO3K'6\PSRVLXPLQ&LYLO(QJLQHHULQJ
 6WUXFWXUDO$QDO\VLVRI&RQFUHWH6WUXFWXUHV

ODUJHUFDSDFLW\ZKLFK LVGXH WR WKH IDFW WKDW WKHRULJLQDO VXEPRGHO DVVXPHVD FRQVWDQW VKHDU VWUHVV
GLVWULEXWLRQZKHUHDVWKHSURSRVHGVXEPRGHOGRHVQRW



)LJ &RPSDULVRQRI WKH WZRGLPHQVLRQDOVXEPRGHOE\+HUIHOWHWDO DQG WKHSURSRVHG
VXEPRGHOIRUȰ ൌ ͲǤͲͷͲOHIWDQGȰ ൌ ͲǤͳͲͲULJKW
 $QDO\VLVRIFRUQHUMRLQW
7KHWHUP³FRUQHUMRLQW´FRYHUVERWKMRLQWVFRQQHFWLQJVODEVDQGVKHDUZDOOVDQGMRLQWVFRQQHFWLQJWZR
VKHDUZDOOVLQGLIIHUHQWSODQHVVHH)LJ&RPPRQIRUERWKRIWKHVHFRQQHFWLRQVLVWKDWVKHDUVWUHVV
HVDUHWUDQVIHUUHGIURPRQHSODQHWRDQRWKHU7KLVUHTXLUHVPRELOLVDWLRQRIWKHUHLQIRUFHPHQWDQGWKH
LQWHUQDOFRUEHOV,QWKLVVHFWLRQDSDUDPHWHUVWXG\RIDFRUQHUMRLQWZLOOEHFRQGXFWHG8QIRUWXQDWHO\
QRH[SHULPHQWDOUHVXOWVIRUWKLVW\SHRIFRQQHFWLRQDUHDYDLODEOHWRWKHEHVWNQRZOHGJHRIWKHDXWKRUV
7KHIROORZLQJSDUDPHWHUVDUHXVHGIRUWKHDQDO\VLV
 ௧݂ ൌ Ͳǡ ݐ௭ ൌ ݐ௬ ൌ ͷͲǡ ݋௭ ൌ ݋௬ ൌ ͶͲ 
)RUWKHDQDO\VLVWKUHHGLIIHUHQWW\SHVRIORRSUHLQIRUFHPHQWFRPPRQO\XVHGLQWKHLQGXVWU\DUHDQD
O\VHG7KHGLVWDQFHEHWZHHQ WKH8EDUV WDNHV WKUHHGLIIHUHQWYDOXHVQDPHO\PPPPDQG
PP

)LJ 6KHDUFDSDFLW\RI WKHFRUQHU MRLQW IRU WKUHHGLIIHUHQW8EDUVYDU\LQJ8EDUGLVWDQFHDQG
௖݂ ൌ ʹͲ
7KUHHGLPHQVLRQDOVXEPRGHOIRUPRGHOOLQJRIMRLQWVLQSUHFDVWFRQFUHWHVWUXFWXUHV

0RUWHQ$+HDUWIHOW3HWHU13RXOVHQ/LQK&+RDQJDQG-HVSHU)-HQVHQ  

)LJ 6KHDUFDSDFLW\RI WKHFRUQHU MRLQW IRU WKUHHGLIIHUHQW8EDUVYDU\LQJ8EDUGLVWDQFHDQG
௖݂ ൌ ͵ͷ
)LJ  DQG  VKRZ WKDW WKH VKHDU FDSDFLW\ RI WKH FRUQHU MRLQW LV YHU\ GHSHQGHQW RQݏDQGݑ 7KH
VWUHQJWKRIWKHORRSUHLQIRUFHPHQWDQGWKHFRQFUHWHVWUHQJWKDUHOLNHZLVHFUXFLDOWRWKHFDSDFLW\,WLV
REVHUYHGWKDWLQVRPHFDVHVDGGLWLRQDOUHLQIRUFHPHQWGRHVQRWLQFUHDVHWKHFDSDFLW\ZKLFKLQGLFDWHV
WKDWWKHIDLOXUHLVKDSSHQLQJLQWKHFRQFUHWH)LJVKRZVWKDWDPLQLPXPVKHDUVWUHQJWKRIDSSUR[L
PDWHO\03DFDQJXDUDQWHHGE\XVLQJ׎͸8EDUVZLWK ௬݂௞ ൌ ͷͲͲSHUPP
7KHVPDOOHVW8EDU׎ͷ\LHOGVDUDWKHUOLPLWHGVKHDUFDSDFLW\DQGWKHFDSDFLW\LVRQO\DIIHFWHGE\
WKHFRPSUHVVLYHVWUHQJWKRIWKHFRQFUHWHWRDPLQRUGHJUHH7KLVLVGXHWRWKHSUHGHILQHGVL]HRIWKH
XQLWVHFWLRQVHH)LJZKLFKOLPLWVWKHVL]HRIWKHFRUEHOV
7KHFXUUHQWSUDFWLFHIRUGHVLJQRIMRLQWVLQSUHFDVWVWUXFWXUHVVXEMHFWHGWRWULD[LDOVWUHVVLVVRPH
ZKDWODFNLQJ7KHMRLQWVDUHRIWHQGHVLJQHGDVVLPSOHNH\HGMRLQWVVXEMHFWHGWRSODQHVWUHVVDQGWKH
WULD[LDOVWUHVVVWDWHVLVVLPSO\QHJOHFWHG(XURSHDQ&RPPLWWHHIRU6WDQGDUGL]DWLRQ7KHPRGHO
SUHVHQWHGLQWKLVSDSHUPDNHVLWSRVVLEOHDFFRXQWIRUWKHWULD[LDOVWUHVVVWDWHZLWKLQWKHMRLQWDQGSUR
YLGHDQHVWLPDWHRIWKHVKHDUFDSDFLW\:KLOHWKHEHKDYLRXUREVHUYHGJHQHUDOO\LVGHHPHGVDWLVIDFWRU\
H[SHULPHQWDOGDWDLVQHHGHGWRYHULI\WKHPRGHO7RJHWKHUZLWKH[SHULPHQWVWKHPRGHOFRXOGEHWKH
EDVLVIRUQHZGHVLJQUXOHVIRULQVLWXFDVWMRLQWV
 &RQFOXVLRQ
,QVLWXFDVWMRLQWVDUHFUXFLDOWRWKHODWHUDOVWDELOLW\RISUHFDVWVWUXFWXUHV\HWWKHGHVLJQRIVXFKFRQQHF
WLRQV LVEDVHGRQHPSLULFDO IRUPXODVZKLFKQHJOHFW WKH WULD[LDO VWUHVV VWDWHVZLWKLQ WKH MRLQW ,Q WKLV
SDSHU D VHPLDQDO\WLFDOPRGHO EDVHG RQ WKH VWULQJHUPHWKRG DQG WKH SULQFLSOHV RI QXPHULFDO OLPLW
DQDO\VLVDQGVXSHUSRVLWLRQKDVEHHQSURSRVHG
7KHEHKDYLRXULQSODQHVWUHVVLVKDQGOHGE\DWZRGLPHQVLRQDOPRGHOZKLFKDUHFRPELQHGZLWK
VHYHUDOFRUEHOV WRIRUPWKHFRPSOHWHPRGHOZKLFKFDQKDQGOHWULD[DOVWUHVV7KHVWUHVVVWDWHVRI WKH
PRGHO DUH FKHFNHGDJDLQVWDSSURSULDWH\LHOGFULWHULD WKHPRGLILHG0RKU&RXORPE\LHOGFULWHULRQ LV
XVHGIRU WKHFRQFUHWHZKLOHDVLPSOH OLQHDUFULWHULRQ LVXVHGIRU WKHUHLQIRUFHPHQWDQGFRPSUHVVLRQ
VWULQJHUV
7KHPRGHO LVYHULILHG IRUSODQHVWUHVVE\FRPSDULVRQ WRDQDOUHDG\HVWDEOLVKHGPRGHO7KHSUR
SRVHG PRGHO SHUIRUPV UHDVRQDEO\ DQG \LHOG VOLJKWO\ ODUJHU VKHDU FDSDFLW\ IRU VRPH UHLQIRUFHPHQW
FRQILJXUDWLRQV$SDUDPHWHUVWXG\RIWKHFRUQHUMRLQWLVFRQGXFWHGDQGWKHVKHDUFDSDFLW\LVDQDO\VHG
IRUYDU\LQJSDUDPHWHUV7KHNH\SDUDPHWHUVDUHWKHUHLQIRUFHPHQWOD\RXWݑݏሻWKHFRPSUHVVLYH
VWUHQJWKRIWKHFRQFUHWHDQGWKHVWUHQJWKRIWKHUHLQIRUFHPHQW([SHULPHQWDOGDWDLVQHHGHGWRYHULI\
WKHEHKDYLRXURIWKHPRGHOVXEMHFWHGWRWULD[LDOVWUHVVVWDWHV

WK fib,QWHUQDWLRQDO3K'6\PSRVLXPLQ&LYLO(QJLQHHULQJ
 6WUXFWXUDO$QDO\VLVRI&RQFUHWH6WUXFWXUHV


5HIHUHQFHV
$QGHUKHJJHQ (GRDGR DQG .Q|SIHO +DQV  ³)LQLWH (OHPHQW /LPLW $QDO\VLV XVLQJ /LQHDU
3URJUDPPLQJ´,QWHUQDWLRQDO-RXUQDORI6ROLGVDQG6WUXFWXUHV
%LVERV&KULVWRV'DQG3DUGDORV3DQRV0³6HFRQG2UGHU&RQHDQG6HPLGHILQLWH5HSUH
VHQWDWLRQV RI 0DWHULDO )DLOXUH &ULWHULD´ -RXUQDO RI 2SWLPL]DWLRQ 7KHRU\ DQG $SSOLFDWLRQV

%OMXJHU)LRGRU³'HWHUPLQDWLRQRI'HIRUPDELOLW\&KDUDFWHULVWLFVRI9HUWLFDO6KHDU-RLQWVLQ
3UHFDVW%XLOGLQJV´%XLOGLQJDQG(QYLURQPHQW
'UXFNHU'DQLHO&DQG3UDJHU:LOOLDP³6RLO0HFKDQLFVDQG3ODVWLF$QDO\VLVRU/LPLW'H
VLJQ´4$SSO0DWK
(XURSHDQ&RPPLWWHH IRU6WDQGDUGL]DWLRQ³(1(XURFRGH'HVLJQRI&RQFUHWH
6WUXFWXUHV±3DUW*HQHUDO5XOHVDQG5XOHVIRU%XLOGLQJV´&(1
)DXFKDUW - DQG&RUWLQL3ULPR ³eWUXGH([SpULPHQWDOHGH -RLQWV+RUL]RQWDX[(QWUH3DQ
QHDX[ 3UpIDEULTXpV SRXU0XUV GH%DWLPHQWV´$QQDOHV GH /¶,QVWLWXW 7HFKQLTXH GX EDWLPHQW HW GrV
7UDYDX[3XEOLFV
)LEEXOOHWLQ³6WUXFWXUDO&RQQHFWLRQVIRU3UHFDVW&RQFUHWH%XLOGLQJV´)pGpUDWLRQ,QWHU
QDWLRQDOHGX%pWRQILE
+DQVHQ.ODXVDQG2OHVHQ6LYLQG³6%,5HSRUW.H\HG6KHDU-RLQWV´6WDWHQV%\J
JHIRUVNQLQJVLQVWLWXW'DQLVK%XLOGLQJ5HVHDUFK,QVWLWXWH
+HUIHOW0RUWHQ$3RXOVHQ3HWHU1+RDQJ/LQK&DQG-HQVHQ-HVSHU)³/RZHU%RXQG
(OHPHQWDQG6XEPRGHOIRU0RGHOOLQJRI-RLQWVEHWZHHQ3UHFDVW&RQFUHWH3DQHOV´3DSHUSUHVHQWHGDW
WKH ;,,, ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWDWLRQDO 3ODVWLFLW\ )XQGDPHQWDOV DQG $SSOLFDWLRQV ±
&203/$6;,,,%DUFHORQD6HSWHPEHU
+HUIHOW0RUWHQ$3RXOVHQ3HWHU1+RDQJ/LQK&DQG-HQVHQ-HVSHU)³1XPHULFDO
5LJLG3ODVWLF$QDO\VLVRI.H\HG6KHDU-RLQWVLQ&RQFUHWH6WUXFWXUHV´6WUXFWXUDO&RQFUHWH$FFHSWHG
IRUSXEOLFDWLRQ
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